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STATIC CHARACTERISTICS OF CURTi% PROPEY;Li3Ri5’ ‘

HAVING DIFFERENT BLADE SECTIONS ‘

By BLAKE W. COqSO~, JR;,and NICHOLAS MASTROCCILA

SUMMARY

Static tests were made on four full-scale two-bladed
,,

propellers differing only in blade sections, at blade

angles from 0° to 20° at the three-quarters radius. TWO

of the same propellers were tested as three bladed pro-

pellers. The tests were made outdoors under conditions

of low wind velocity.

l?hedata are analyzed on the basis of a static Wrust

figure 6f me~’it and byf:Driggs Simplified Propeller Calcu-

Iations$ which is a single-point method of reducing pro-

peller data to airfoil data. Static propeller data are re:

duced to airfoil data for all of the gi-opellers tested.

These airfoil data for the two three bladed propellers have

been reconverted. to prope~ler

advance ratio f’orthe purpose

16-series blade sections with

The propeller with Clark

slightly higher efficiency in

modified 16-series sections.

efficiency as a function of

of comparing themedified NACA

the Clajk y.blade section.

Y blade sections yields

take-off .and climb than the

The propeller with modified

16-series sections may yield efficiencies higher, by 2

or 3 percent than a similar propeller with Clark Y sections
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at &he high speeds now attainable by some airplanes.

efficiency than the modified 16-series section for high

speed and sl~.ghtly higher efficiencies for take-off’, A

slight increase in the radii of the leading and trailing

edges of the modified 16-series sections has little effect

on the behavior of the sections,

INTRODUCTION

The tests described in this report constitute one.phase

of an investigation described in reference 1 to clheckfli$ht

tests made for the purpose of determinin~ the relative merits

of the Clark Y and a modified 16-series section. The tests

were made on ~ropellers operating at zero forward velocity.

Thrust and power were measured at various propeller tip speeds

and blade angle settings. The propeller blades used.were

Curtiss blades identical in all respects except blade sections.

One set of blades had Clark Y sections, another set was made

with double cambereclClark Y sections, and a third set em-

bodied modified ?WCA 16-series sections. The investigation,

included tests both on two bladed and.three bladed propellers.

As the static test conditions can not be universally rep-

resentative of conditions of api~licatiol~jthe absolute values

obtained from these tests are not highly significant. The re-

sults, however, can be very useful for makin~ qualitative com-

parisons of propellers tested under identical conditions.
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The purpose” of this investigati~n was to determine the..

relative merits of the Clark Y, double cambered Clark Y, and. ., ....,,,, .
lv~c~16-series propeller sections under varie’d’’loadingand at

.,

varioi?stip speeds~ The propellers are compared on’ the basis

of a static tlirust”’figure’ofmerit. As a further analysis,

use is made OY Driggs Siinplified Propeller Calculations,
,,

reference 2, for reducing the pl’opeller characteristics to

quasi airfoil characteristics. The airfoil polars so ob-

taixdwere then reconverted into the.propeller envelope effi-

ciency as a ful”lctionof the advance ratio, fop two of the

~ropellers.

This investigation was mGde at the reque,st of the Army

Air Corps, lvsr Department. The testing was done on the

static test equipment of tb.epropeller-research section of

the Natior,alAdvisory Committee for Aeronautics at lj~~ley

Field, Virginia,

DESC~{IPTION OF APPARATUS

Test rig.- The static pi-opener-test rig used in this.—

investigation, located outdoors, was essentially the sane

as that described in reference 3. The major difference in ‘

the :et-up is that for the piesent tests an ain-c.ooled radial

engine furnished the motive power, Th$ S engine required a

nacelle larger than that used in the earlier tests and ~f

somewhat different “shape. A @iOtOgraJll Qf the set-up i.S.

shown in figure” 1, and a schematic diagram in figure 2.
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Engine and nacelle.- In this series of tests the pro-

peller was driven by a Pratt and Whitney R-13)+0 radial air-

cooled engine. The power rating of this engine is ’550horsep-

ower at 2100 rprn. The propeller was driven directly at

crank shaft speed, and was turned up to 2300 rpm at the low-

blade-angle settings. The rotational speed of the engine

and

was

propeller was rneasu.redwith a condenser

tl/2.percent,not in error by more than

The engine cowling-nacelle combination

give as good cooling as was compatible witt~

impedance to the propeller slipstream.

tachometer which

above 1000 rpm.

was arran~ed to

relatively low

Propellers.- Three sets of Curtiss pro:>eller blades di$= ~. ——

fering only in blade section were investigated. The blades

designated by drawing numbee @506-22S embodied Clark Y sec-

tions and were tested both as two bladed and three bladed pro-

pellers. Propeller nwnber L01356 was made with doubld canbered

Clark Y sections and was tested only as a two bladed Sropeller.

Propeller number 101332 was made with Clark Y sections inboard

from the O.~OR station, and with NACA 16-series from the 0.70R

station to the tip. At stations ‘oetweeri0.50R and 0.70pL trans-

ition sections from Clark Y to 16-series sections were used.

The NACA 16-series sections, described in reference 4,,have

relatively sharp leading and trailing edges, and have maximum

thickness at the mid-chord station. Ttieyare designed to

work efficiently at high speed by delaying the compressibility
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stall. Propeller number 101332 was designed originally

with seriously inodified 16-series sections. The modi.i’ioation
..

,.
was a large increase in the leading edge.~nd trailing ed~e

radii and a corresponding thickening of the leading and t~ail-

ing edges. In this report the Curti.:ssdqsign 16-series sec-

tions are designated as the ‘~modifi.ed16-series~( sections.

Blades with these sections yere tested,as a two bladed pro-

peller. After being tested these _blad@swere returned to

the factory and tl.esections from 0.70R to the tip altered

to conform more nearly to the true NACA 16-se~ies shape and

are designated herein as the reworked 16-series section.

These reworked blader were tested both as two bladed and three

blattedpropellers. Blade form curves for the three propell-

ers are skown in figure j.. Dlade sections.at the CJ.~OR
,,

are shown in figure 4.. The section at the 0.70R rather tl.an

t.,atat the 0.75R was chosen because of the significance of’

the 0.70R station in Driggs I method of propeller a’nalysis.

TESTS

Each test was made at one blade angle skttlng. Be-

ginning at about 600 rpm, the net thrust$ torque, and pro-

peller rotational speed were measured simultaneously at

various iritervalsuntil the highest speed obtainable under

2300 rpm was reached. Readings were taken at speedinter-

vals of about 100 rpfilat low speeds, and a~.l~iuchsmalier in-

tervals near the ‘copspeed. Each propeller w-as tested at a



series of blade angles

mately 2°. The

radius + Before

measured with an

blade
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from O’ to 200 by intervals of approxi-

angle was measured at three-quarters

and after each run the wind velocity was

anemometer. Tests were made only when the

wind velocity wa~ less than five miles per hour, except in one

or two tests at high blade angles.

The

in terms

RESULTS

results of the static propeller tests are presented

of conventional coefficients:

Te
CT = —, thrust coefficient

p n2 ~4

Cp= —, power coefficient
;pn”D5

Te = T - AD, effective thrust, pounds

T?,

AD,

P,

Q,

P,

n~

tention in propeller shaft, pounds

the force exerted by the propeller slipstream

on the nacelle and struts$ pounds

2.n n Q, engine power, f~ot-pounds per second

engine torque, pound - feet

mass deus.!-tyof air, elugs per cubic foot

propeller rotational speed, revolutions per

second

D = 2R, propeller diameter, feet

R, propeller tip radius, feet
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CT
— = static thrust figure of merit
Cp. — -.-.. . . ....

IYn DM = ~-, tip speed ratio

c.= speed of sound in air, feet per second ,.
.

J = V/nD, advance ratio

v, air speed, feet per second

CT
~ =_ J, propeller efficiency

CP,

c1= 1/2 p V2, dynamic pressure,, pounds per square
foot

II, lift, pounds

D, profile drag, pounds

s, area, square feet

CL = ;~, lift coefficient

CD “+, profile dra~ coefficient
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Table I
,,,,

Description of the figur~’~.”

1, Photograph, static propeller test rig. ~~
~,

2. Diagram of static tlirustand torque set-up.

3* Blade form curves.

4. Propeller blade sections at the 0.70R,,’

5 - 16”

17 - 2G.

29 - 53.

34 - 399

Variation of’static thrust and power

coefficients with tip-speed rat~-o

and blade angle.

C.tatic pro~~ller cl-iaracteristics&SL. 4

functions of blade angle.
..

Ccrnparisons of static thrust f’igtire
,,

of merit.

Lift and dra~ coefficients computed. from

static ;oropeller characteristics.
... .

).+0.Envelope efficier,cies c~i?~~~~tedby Driggst’method

fro.u static propeller data.
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DISCUSSION

In this series of static propbller tests, made for”com-,.,,,., ,,. .,1. .,.... . . . . s’,.,..,. .. ... .
paring the Clark Y airfoil propeller section with the modif-

ied and reworked 16-series sections, the independerit vari-

ables used were blade angle and propeller rotational speed.

Blade angle was fixed for each test, hence changes in ~ro-

p’eller characteristics during a run must be attributable

only to changing propeller rotational speed. At least three

factors which affect the behavior of the propeller blade sec-

tions are functions of the rotational speed. Of first imp-

ortance is the increase with tip-si)eed ratio of the Mach

number at which t-heblade sections wor’k,and the changes in

blade section airfoil characteristics with iiacilnurflb6r. A

Secoridar-yeffect of increase in.rotational speed is an in-
,

crease in the Reynoldl s rrumberat Wliich the blade sections

work. fithird fa[;tOr, of’unknown influence, is the tendency

of the propeller blade to ciiscarclby centrifugal force the

retarded air composing the boundary layer. Both of the latter

two factors have a beneficial in.f.luenceon the performance of:

the blade sections. Even at a tip speed iiluchbelow that for

normal operation most of the propeller sections work at values

of the Reynold~s number greater than the critical; hen&6 as

the Reynoldls number is increased blade

coefficient is reduced and maximuil lift

creased. Centrifugal force may act to

section profile drag

coefficient is in- .

remove a part of the

air in the boundary layer; this would delay the normal stall.

I ___
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Apparently the only adverse effect accompo.nying high pro-

peller tip speed,is due to the be~lavior of airfoils in compres-
. ,,

sible flow as the air speed approaches the ~.coustic velocity...,,

Wind-tunnel tests, refer~l-lce5, have skown that l.’ot}~the lift

and drag coefficients “of an airfoil increase with increasi~~g

Mach number until a critical value is reached. This value

is “believed to be reached when the local air velocity at some

point on the airfoil is equal to t:~eacoustic veloc.it~. ;.is
:.

the Mach number is increased beyond the critical value the

lift coefficient decneases wbiile the crag coefficient increases

more rapidly than it ~oes at subcritical v::lues of tb.eMacli

number . only the net influence o~’t~le~~:veralf’actors is

measured by static ~)ro~.ellertests. Thereforej the &tivcr:e

.
effect of a~r’co~f(i~r~~~lbllityon ‘blatie

. .
section behavior at high

tip s~eed, bein~ p?.?-t%z117 offset by beneficial factors, is ‘

not &ISfully,discei”i]i~lefrom static propeller teets &s from

wind-tunnel tests OQ airfoils.

While the tests,were being iriadeit was.noticq(l during

each run that the character of tl.enoise “emitted by tli~engine

and proi~eller began to change from a roar to a.:)enetrtitinc

note at about ldOO rpm. The propeller diameter was ten feet.

This ifla~indicate that the first shock waves are set up at

the propeller tips at a tip speed ratio of about. M = 0.d2.

The region of the propeller blade tip producing a shock wave

spreads inwardly as the tip speed raiio increases. Since the
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highest value of thb tip speed ratio

was M = 1.05, only those sections at. .

obtained in these tests

radii greater than O=~3R

wer+ working at a value of Mach number greater than 0.82.

The effect of compressibility indicated in the figures was

produced in most cases by a relt~tively small outer portion

of the propeller blade& . .,

The basic pitch distribution for the proieller.blades

subject to these tests was about 20° at the tiiree-quarters

radius. This pitch distri”buti~n will give high’est..propel-

ler efficiencie~ within a range’of advance ratio between

J = 0,75 and J = l.~0. A high basic pitch distribution re-

sults in a tendency for a ~ropeller in static tests to.yield

less thrust for a

less bla~e t~:i~~t.

peller polars and

point method from

given powar than u similar propeller With

It is this fact which discredits tb.epro-

e.fficiency curves computed by the sinSle

the results of static tests and confines

their usefulness to qualitative comparisons.

The data presented in the figures have been corrected

for any small mean wind velocity that held during t-het:ests.

The variation of static thrust coefficients with tip s:~eed

ratio shown in figures 5, ~, 9, 11, 13, and “15agrees with

the results of wind-tun~iel’tests on airfoils. The .increas~

ing static thrust coefficient with increasing tip speed ratio

indicates that, when blade sections near the tip are working

at ~ositive lift, the lift “coefficients increase with

,,,,,, , , ,,.,,,.,.,,,,,,—,-— ..,--—,,.- —..— .. .-.-,. .-. ,, .. . .... .. .
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increasing Mach number up to a certain point. The lower rate

of increase of the static thrust coefficient as tip-speed

ratios approach unity indicates a decrease of the lift coef-

ficients of sections near the blade tip as the Mach number at

which they operate approaches unity. The increasing static

thrust coefficients with increasing tip-speed ratio produced

at high blade angles even at low ~a~ues of the tip-speed ratio

may be partially attributable to F,eynold’s number effect and

to the”beneficial action of centrifugal force in throwing off

dead air from the stalled region of the propeller .

The variation of’static :>ower coefficient with tip-speed

ratio shown in figures 6, d, 10, 12, 14$ and 16, also agrees

with wind-tunnel tests on airfoils. The slight decrease of

the static power coefficients with increasing tip speed ratio

at low values of t..etip-speed ratio may be due to decreasing

drag coefficients of the blade sections lwithincreasir~g_jReynoldlS

number. For the blade settings which yield positive lift near

the tip the gradually increasing power coefficients at tip-

speed ratios of about M = 0.7 or M = O.d again indicate the

increase of lift and drag coefficients of airfoils working at

Mach numbers below the critical. The sharper rise of the

power coefficient, for all blade settings, as the tip-speed

ratio approaches unity is coinparable to the rapid increase of

airfoil drag coefficients as the Mach number approaches unity.
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Figures 17 through 28 are cross plots of figures 5 to 16,
..

inclusive, at tip-speed ratios Of ? ; 0.9 ~nd.!!= 1$0. The

static thrust and power coefficient~ and st-titicthrust figure
..

of merit are shown as functions of”blade angle at the three-

quarters radius. The similarity of’this &nner of present-

ing propeller data to airfoil lift and drtigcoefficients HS
..

functions of angle of attack is pointed out in reference 5.

The relative merits of’p~opeller sections may be shown

best by the comi)arison of proL~erties independent of blade

angle. Figures 29 through 53 present comparisons of the

static thrust .fi&ures of merit .>lottedagainst power coef-

ficient at values of tip-speed ratio of M = 0.5, 0.7, 0.9Y

1.0, and 1.1. A study Of’these fi~ures leads to tilefollowi-

ng ~eneralizations:

(1) There is little differ~nce between the behavior of

the,reworked 16-series sections and that of the modified ~~-

series sections.

(2) The double-cambered Clar~:Y ~ection gives results

very siimilarto those for the reworked 16-series sections,

though slightly inferior.

(3) iit low tip-sPeed ratios and under high loading the

single-cambered Clark Y section is superior to all other sec-

tions used in these tests.

(4) lit high tip-
I

speed ratios both the niodified and re~ ‘“

worked 16-series sections are superior to the Clark 1~ sections.
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(5) Under small load a two-bladed propeller gives more

thrust per horsepower than a three-bladed propeller, but under

high loading the reverse is true.

In actual flight the propeller tip-speed ratios encountered

most frequently are close to M =

ratio the data presented here are

thrust

over a

t/Othe

over a

f’j.gu~esof merit in figure

O*9> and at that tip-speed

iilostreliable, The static

31 for M = 0,9 show that

slmallrange the reworked 16-series section is superior

ot’her sections; the ii~odi.fied~6-series section is good

broader range of poyer coefficient, the double-canioered

Clark Y is only slightly inferior to the modified 16-series

section; and the single-caw.bered Clark Y WLOWS U.Oto advantage

only at the high values of the power coefficient. In figure

32, at a tip-speed ratio of M = 1.0, both.the inodified and

reworked 16-series sections show worthwhile superiority over

the Clark Y sections over the range of power coefficients ob-

tainable in these tests. In the range of tip-speed ratios

from M s oeq to ~,f= 1.(), which is realized in ‘practice at

high altitudej the mean superiority of the 16-series section

over the single-cambered Clark ITpropeller section appears to

be about three percent. The computed propeller lift coef-

ficients corresponding to the range of 16-series superiority

lie between CL = 0.3 and CL P 0,6. fit higher lift coef-

ficients obtained during take-off and climb the Clark Y pro-

peller section is superior except at ver~yhigh tip-speed ratios.
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The trend of the curves in figures jl, 3Z, and ~~ indicates

that at very high values of the power coefficient the Clark,.,. . .,

Y propeller may be superior to the 16-series propeller even

at high values ’of the tip-speed ratio.

Such low power was available for the present tests that

high tip-speeds could not be attained at high blade angles

and the effect of blade stalling does not show up at high

,
tip-speed ratios as markedly as at the low tip-speed ratios

and higher blade angles. In a report by the Curtiss Com-

pany of flight and Wright Field static tests of the subject

propellers, reference 6, the results of tests using hi~her

power coefficients are reJorted. The followina values are

taken from this reference.

Blade section Clark Y Clark Y and 16-series.——.. ——.. ..-..—.—.— —

Thrust/her sepower 3.08 2.78

Percent 100.0 90,0

The foregoing values were obtained with a three-bladed

propeller when Cp = 0.,103 and M = 0.4. in standard air}

and correspond to the followingvalues of static thrust figure

of merit and computed pro~eller lift coefficient:

Blade section Clark Y ~lark ~ and 16-series.. .—

CT/cP 1,68 1.52

CL 1.23 1.11

The above comparison indicates the superiority of the

Clark Y propeller over the 16-series propeller wlien’operating
.,

I I



at high value= of the..lif,tcoefficient encountered at take-

off and during climb. .Th.i,sis in agreement with the results

of wind-tunnel tests reported in reference 1.

A similar comparison of three-bladed propeller’s having

Clark Y,and 16-series sections is presented in table II. Tlie

peak values of the thrust figure of merit and the correspondirlg

values of power coefficient were taken from figures 29 through

339

M

0“5

097

099
1.0

1.1

0.020

0.01(3

0.017

0.020

0.030

CLMK Y

CL

0.36

0.35

0.33

0.34

o.~3

Percent

97
100

97
92

d4
__i----

—

CLARK Y ~liD 16-SERIES

0;017 2!.85

0.015 ~.ol

0.018 3.05

00020 2.d3J

*

-—

CL
.——

Q.32

0.30

0.36

0C37

OOb&

Percent

100

100

100

100

100
-.

This latter comparison shows that a propeller embodying

16-series sections will yield about three percent more thrust

than a Clark Y propeller of similar form ~w~lenoi~erating condi-

tions arc such that the blade sections work at lift coefficients

between Cjj = 0.30 and
CL = 0.40.

The results in table II are encouraging in that they indi-

cate the desi~n possibilities of tlieNACA 16-series sections.



The tip sections.of propeller No. 101332, identical with

those for propeller:_~jo._,101j30,were the reworked 16-series,.

sections designed to operate best at lift coefficients be-

tween CL = 0.30 and CL = O.)+0. These design lift coeffi-

cients are given in-reference 7, and are platted in.figure 3.

The propeller lift coefficients for the reworked 16-series

propeller computed from these static tests at peak values of

static thrust figure of’merit are bracketed between CL ~ 0.30
and cL = 0e4-!I-,and are ppactiically identical with the design

lift coefficients. In this ran~e of lift coefficient values

the reworked 16-series sections are superior to all other sec-

tions used in these tests. Inasmuch as the NACA 16-series

sections can be desi~ned for best operation at any.reasonable

value of the lift coefficient, reference 4, it is reasonable

to believe that a propeller can be made embodyinu the NACA 16.

series ~ections which will be superior to any similar propel-

-1~ep eribQdying Clark Y sections, v~~ienoperating conditions are

such tl:atthe design lift coefficients are realized. T~~e

range of lift coefficient values for superior performance of

the NAC,A16-series sections extends appreciably in both direc-

tj.on~f?:~;~lthe design value. It is possible that propeller

‘)would have shown up nmcr.better for take-otf andNo. lo2.~/3,.

climb with little sacrifice of efficiency at high speed if

tke tip sections had.been designed for optimum operation at

higher values of the lift coefficient. Further improvement
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in take-off and climbing characteristics may be had by taking

advantage of the good high speed operation of 16-series see- ‘

ti.onsand using higher tip speeds, and by increasing the ‘blade

area. ,. .,

?ropeller efficiency is equal to the product of thrust

figure of merit multiplied “byadvance ratio, (T = CT& X J).

The value of the thrust figure of merit necessarily clecreases

,,as the advance ratio increases. If the relative values of

the thrust fiagures of merit of the sections do not change with

advance ratio, about three percent greater iilaxihlumefficiency

may be expected of a propeller embodying the reworked 16-series

sections than from one made with the sin@e cambered Clark Y

sections, when the tip-speed ratio is close to M = 0.9 or

M = 1.0.

In static tests the axial velocity’ through the propeller

is relatively mall. Fhen a propeller is in actual operation

advancing at a normal high speed, the blade section resultant

velocity of rotation and advance is considerably higher than

the velocity due to rotation alone and consequently the region

of the pro~:eller tip suffering a compressional loss extends

considcratl.:j~farther inboard. The propeller losses at hi#~

tip-speed ratios indicated by static tests will most likely

be exceeded in flight.

The li~t and profile drag coefficients cc~fi~utedby the

method given in reference 2 from static propeller characteristics
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are presented as pclars in i’igures 24 tilroughj90 Tiwse of’

necessity yield the same information as the static thrust.

figure of merit comparisons, though in a more f’amiliar form. “’ “’

This method of propeller ‘blade“section analysis re~ards the

propeller as an airfoil acting at the seven-tenths radius

stati’on. For all blade sections the value of the minimum ‘

drag coefficient does not change uuch in the interval of tip-”

speed ratios from M = 0.5 to M = 0.9. The drag coeffi-

cients increase rapidl-ywith increasin:$ tip-speed ratio when

the value of the.latter exceeds M = O.g.

The l~olars in figures 34 to 59, inclusivti, do not repre-

sent absolute values of the airfoil chal>acteristicsj but are

for comparison Gnly. The unusually l~rge values of the drag

coefficients shown by these ~olars rrlaybe due both to the pro-

peller pitch distinibution mid.to imped:.~]ceto the ~~ropeller

slipstream by the cowling and nacelle.

The polars for the three-bladed propellers shown in

figures ~~ and 59 have been u~ed in al~~jlyingDri&gst method

for computing pro;~]ellerefficiency envelopes. Since the

polars show only relative values, the computed efficiency

curves likewise can show only relr~tive values. The absolute
,.

values near maximum efficiency are abGut eight percent lower

than those obtained in wind-tunnel tests on the stiiile~>ro:>el-

lers with swell streamlined body, refel-ence 1, Figlire110

shows a ccunparison of the coml~uted envelope efficiency curves
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of two three-bladed propellers, numbers 101~32 and ti9jOb-22S,

identical in all respects ey.ceptblade section. The assumed

power available-is that which i~aybe obtained from a llCOllorse-

power engine. The 10 foot 4 inch dlamete:’ pr.ol~elleris

assumed to operate at 1~00 rpm. In tP.esecomputtitio-nsthe

actual propeller tip-speed ratio was u:ed rather than rota-

tional tip-speed ratio.

Figure ~.Opresents relative efficiencies at sea level.

Due to the low maximuin lift coef’ficien.tsobtainable with the

reworked 16-series tip sections tl.eClark ‘fpropeller is

superior at the low values of advance ratio encountered during

take-off and climb. i-ithigh values of the advance patio wliere

the blade sections worli at lower lift coeff.icierits~indwhere

the effect of compressibility becomes noticeable the pro~eller

having 16-series sections is u,o~e efficient. The two pro-

pellers are apija’ently of’equal efficiency at sea level at a

value of the advance ratio of about J = 1U7” At practical

values of the advance ratio above J:= 1.7 the 16-series pro-

peller may yield as much as two percent Iiigher efficiency tlian

the Clark Y i~ropeller at sea level, and as muclias three per-

cent higher at 15,000 feet altitude where greater tip-speed

ratios obtain.

~].~RKS

1. For all of the propellers tested the highest value

of the static thrust figure of merit occurred at a tip-speed



ratio between M = 0.7 and M ‘=0.9; hence” in fli”ghthighest

efficiency maybe ex~ected in the same range of tip-speed.. . . . ,.,_ ,..

ratios.

2. There is little choice between the reworked ~6-series

sect”ionsand the modified 16-series section with rounded lead-

ing and trailing edges. Both are superior to the Clark Y

sections in the region of peak value of the thrust figure

of merit; i.e., under small load.

3* The double-cambered Clark Y section is similar in

behavior to the 16-series sections; the efficiency is

lower at tne peak static thrust figure of mertt” but

Mgheti” at relatively high values of’the power coefficient.

4. The propellers having mo~ified ~ndrewo~ked 16-series

blade sections were found to stall at lower values of the lift

coefficient than did the propeller with single-cambered Clark

Y sections, at low values or the tip-sp~ed’ ratio. This

agrees with wind-t,unnel te’stswhich indicate the superiority

of the Clark Y propeller far take-off and climb. Onthe basis

of these static tests the superiority of the Clark Y propeller

for take-off and climb holds for values of tip-speed ratio less,.

than M.= 0.9.

5* Envelope propeller efficiencies computed from these

static data indicate that a Clark Y propeller of the design

tested yields appreciably higher efficiency during take-off

and climb than a similar propeller with”reworked 16-series
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sections. The 16-series propeller shows one or two percent

higher e“ff”l’ciencythan the Clark Y propeller at high speeds

attainable with airplanes row existent, and a possible greater

gain when used with higher speed airplanes.

6. It is to be understood that the conclusions reached

from these tests with regard to the 16-series sections applies

only to sections designed to operate most effectively at lift

coefficients between CL = 0.30, and CL = 0.4.0.

7* It is probable that better take-off and climb opera-
..._—

tion cotild”be obtained from a 16-series propeller designed to

operate best at higher values of tb~elift coefficient than those

for which the subject propeller was designed.

8. Redesign of’the 16-series propeller with greater blade

area and for higher tip speeds might produce a propeller with

much better take-off characteristics with little sacrifice of

efficiency at high speed,

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Ae~onautics,

Langley Field, vs., August 27, 194.1.

- .. ......
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Figure l.- Staticpropellertest,rig.
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